Introduction
Rheumatoid arthritis (RA) is a common chronic inflammatory rheumatic disease in Taiwan, 1 with an annual incidence rate of 15.8 per 100,000 persons and a prevalence rate of 57.7-99.6 per 100,000 persons. 2 Since tumor necrosis factor (TNF) plays a pivotal role in accelerating RA progression, anti-TNF-α agents such as etanercept (ETN), adalimumab (ADA), and infliximab (IFB) have been successfully developed, and their safety and efficacy have been proven by randomized clinical trials and longterm observational studies in a majority of RA patients. [3] [4] [5] Anti-TNF therapy has been recommended as therapy for patients intolerant to at least two disease-modifying antirheumatic drugs (DMARDs) including methotrexate (MTX) and is more effective submit your manuscript | www.dovepress.com
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chen et al when combined with MTX. 3, 4, [6] [7] [8] [9] [10] The National Health Insurance Administration (NHIA) in Taiwan, which manages the National Health Insurance (NHI), approved the use of ETN in 2003 and ADA in 2007. Other anti-TNF agents were not available before 2012 in Taiwan. In Taiwan, the indication of initiating anti-TNF therapy for RA patients follows the criterion proposed by the British Society for Rheumatology, using a 28-joint disease activity score (DAS28) of above 5.1 after standard therapy failure with at least two DMARDs, where one failed or where one intolerant therapy must be MTX. According to the regulations, the criteria for discontinuation of anti-TNF therapy are indicated by the failure of DAS28 .1.2, DAS #3.2 after 12 weeks, or adverse events such as infection, toxicity, or pregnancy. 11 Drug survival has been used as a useful surrogate marker of effectiveness and safety in real life. 12 Significant predictors of anti-TNF drug survival include age, previous response to treatment with a TNF antagonist, concomitant treatment with MTX, the presence of comorbidities, and the category of TNF antagonist used. [13] [14] [15] ETN is a soluble TNF-α receptor that fuses the TNF-α receptor to the constant end of the IgG1 antibody, whereas ADA is an anti-TNF-α human monoclonal antibody. Some studies using registry data have found ADA to have a higher discontinuation rate than ETN. 13, 14, [16] [17] [18] [19] The differences in drug survival between ADA and ETN may be attributed to the differences in immunogenicity, molecular structure, and mechanism of action, resulting in different infection risk and sustained effectiveness.
ADA has been associated with a higher risk of infection, especially tuberculosis bacteria (TB) infection, than ETN. [20] [21] [22] ADA binds to transmembrane TNF on activated macrophages/ monocytes with more avidity than ETN, leading to higher complement-mediated cytotoxicity and more apoptosis, which may have biological implications for serious infections. [23] [24] [25] All biological therapies can induce an unwanted immune response, but the immunogenicity of a TNF antagonist is dependent on its structural properties. 26, 27 The immunogenic region (Fc fragment) of ETN is nonneutralizing and directs antibodies from an immune response to the fusion region. 28 On the contrary, the immunogenic regions of ADA or IFB are neutralizing, which trigger immune responses through the hypervariable complementarity-determining regions. Bartelds et al 29 demonstrated that the development of anti-ADA antibodies was associated with lower ADA concentration and worse treatment effect in RA patients. Compared with ETN, Krieckaert et al 30 found that the long-term effectiveness of ADA for RA treatment was better in the subgroup without anti-ADA antibodies, but worse in those with anti-ADA antibodies. In addition, Krieckaert et al 31 also showed that MTX may reduce the production of anti-ADA antibodies in a dose-dependent manner.
Although concomitant MTX administration may exert differential effects in reducing the immunogenicity induced by anti-TNF agents and different synergistic effects and infection risk when treated with ADA or ETN, the potential modification effects caused by the dosage of concomitant MTX on the relative risk (RR) of anti-TNF therapy discontinuation compared between ADA and ETN users has not been evaluated. The Taiwanese National Health Insurance Research Database (NHIRD) has facilitated populationbased longitudinal studies that could minimize selection bias. We, therefore, used the NHIRD to investigate these issues.
Materials and methods study design
This is a retrospective, population-based cohort study.
Data source
Taiwan implemented the NHI program on March 1, 1995. The NHI program provides mandatory universal health insurance and has covered over 98% of the Taiwanese population. This study was initiated using 1999-2011 claims data retrieved from Taiwan's NHIRD, provided by the Bureau of NHI but maintained by the National Health Research Institute (NHRI). Data for inclusion into the database are encrypted before being sent to NHRI. Sensitive data that may enable the identification of individuals are further removed before it is released to researchers.
Patients with major or catastrophic illnesses, including malignancies and some rheumatic diseases (such as RA and systemic lupus erythematous), were registered in the NHI system. Those who had a catastrophic illness certificate are free from copayment. An RA catastrophic illness certificate can only be issued after thorough medical records examination by two qualified rheumatologists. This study utilized the data of NHI catastrophic illness files, including encrypted outpatient/inpatient claims files and enrollment files. The outpatient/inpatient files offer information regarding drug prescription, diagnosis, date of visit/hospitalization, and medical costs. The enrollment files provide information on demography and enrollment. This study was approved by the Ethics Committee for Clinical Research at Taichung Veterans General Hospital. As all personal information was anonymized before analysis, patient consent was not deemed necessary by the Ethics Committee. 32 
Outcome variable
The outcome measured was the time to anti-TNF drug discontinuation. Drug discontinuation was defined as nonpersistence of a prescription for more than 12 weeks. Figure 1 illustrates the drug discontinuation (and other relevant) dynamics. For patients who discontinued treatment, the observation period was from the first date of anti-TNF prescription (anti-TNF index date) to the date of last anti-TNF prescription before the first episode of drug discontinuation. For patients who continued treatment, the observation period was from the anti-TNF index date to the date of last anti-TNF prescription. The incidence of drug discontinuation was defined as the number of events divided by a thousand person-years of follow-up duration between ETN and ADA users. We further identified drug discontinuation events followed by prescriptions of antibiotics or anti-TB drugs. Anti-TB drug prescription was defined as the simultaneous prescription of at least two antituberculosis agents, including isoniazid, rifampin, ethambutol, pyrazinamide, streptomycin, amikin, kanamycin, thioridazine, clarithromycin, prothionamide, ofloxacin, ciprofloxacin, levofloxacin, and moxifloxacin. After adjusting for age at anti-TNF use, sex, RA disease duration, CCI, other RA-related drugs within 1 year before anti-TNF use and during anti-TNF treatment period, the adjusted relative risks (RRs) and hazard ratios (HRs) with 95% confidence interval (CI) of discontinuation (ADA versus ETN) was calculated using Cox proportional hazard regression analysis, as stratified by the follow-up time (#1 year, .1 year) and MTX dose (#10 mg/wk, .10 mg/wk). The adjusted HR was tabulated from the crude HR and compared between two different regimens of concomitant MTX for ADA versus ETN users during different treatment periods. Comparisons between groups were made using the t-test, where a two-tailed P-value of ,0.05 was considered statistically significant. The significance of modification effect by each covariate on anti-TNF choice, (ETN or ADA)-associated drug discontinuation risk, was investigated by calculating the P-value of the coefficient associated with the product of each indicator of the covariate and the indicator of anti-TNF choice using the Wald test. The calculation of statistical values was performed using SPSS version 18.0 for Windows (SPSS, Inc., Chicago, IL, USA). Table 1 compares the baseline characteristics and clinical data of patients treated with ETN and ADA. The mean duration of RA in patients before ETN treatment was shorter than that in patients before ADA treatment (6.0±3.7 versus 6.3±3.7 years, P=0.005), and the proportion of patients with RA for more than 3 years before ETN treatment was also lower than that before ADA treatment (70.2% versus 73.0%, P=0.038). One year before anti-TNF treatment, the proportion of ETN versus ADA users with CCI $2 was lower (46.2% versus 50.0%, P=0.011). Table 2 compares the comedication and incidence rate of drug discontinuation among RA patients treated with ETN and ADA according to the follow-up time. During the first year, the number of cases who discontinued their anti-TNF treatment was 682 out of 2,609 ETN users and 562 out of 1,983 ADA users, after 2,094 and 1,507 person-years of follow-up, with incidence rates of drug discontinuation of 326 and 373 cases per 1,000 person-years. After the first year, 616 out of 1,482 ETN users and 376 out of 969 ADA users discontinued anti-TNF treatment after 1,846 and 1,012 person-years of follow-up, with the corresponding incidence rates of drug discontinuation of 334 and 372 cases per 1,000 person-years, respectively. During all follow-up times, there were more ETN users who were on concomitant SSZ, HCQ, and NSAID treatments compared to ADA users who were on leflunomide (P,0.05).
Results
Within 1 year, the incidence rates of ETN versus ADA users on concomitant MTX 0-10 mg/d who discontinued anti-TNF therapy and subsequently were prescribed new antibiotics/anti-TB drugs within 84 days were 148.0/3.7 and 166.5/14.1 after 1,072 person-years and 781 personyears of follow-up (Table 3) . For ETN versus ADA users on concomitant MTX .10 mg/d who discontinued anti-TNF therapies and were subsequently prescribed new The classifications were based on average dose during the corresponding period. Abbreviations: RA, rheumatoid arthritis; NSAID, nonsteroid anti-inflammatory drug; Pd, prednisolone; TNF, tumor necrosis factor; IQ, interquartile. antibiotics/anti-TB drugs within 84 days, the incidence rates were 69.2/2.0 and 136.5/19.3 after 1,021 and 726 personyears of follow-up. Analysis using Cox proportional hazard regression analysis showed that the adjusted HRs with 95% CI for drug discontinuation in ADA versus ETN users within and after 1 year follow-up were 1.13 (1.01-1.27) and 0.99 (0.87-1.13) (Table 4) , respectively. The crude and adjusted HRs with 95% CIs of drug discontinuation for ADA compared with ETN users on concomitant MTX 0-10 mg/wk within 1 year follow-up were 1.01 (0.88-1.17) and 0.98 (0.85-1.13), respectively. During the same period, the crude and adjusted HRs with 95% CIs of drug discontinuation for those on concomitant MTX .10 mg/wk were 1.48 (1.23-1.78) and 1.48 (1.22-1.78), respectively. Beyond 1 year of follow-up, the crude and adjusted HRs with 95% CIs of drug discontinuation for ADA compared with ETN users on concomitant MTX 0-10 mg/wk were 0.98 (0.85-1.13) and 0.91 (0.79-1.06), and for those on concomitant MTX .10 mg/wk, the crude and adjusted HRs were 1.50 (1.14-1.98) and 1.42 (1.06-1.90), respectively. The results showed that ADA, compared with ETN, users on concomitant MTX of over 10 mg/wk were at significantly higher risk of discontinuing from anti-TNF treatment regardless of follow-up time (P for interactions ,0.05). Table S1 reveals subgroup analyses for drug discontinuation risk of ADA compared with ETN based on other covariates, with the significance of their modification effects among patients with average concomitent MTX dose over 10 mg/wk. During all treatment periods, prior MTX dose and prior HCQ use were significant effect modifiers. After 1 year, CCI and prior MTX dose were significant effect modifiers. Concomitant medications other than MTX were not significant effect modifiers. Table 5 lists the crude and adjusted HRs with 95% CIs of drug discontinuation followed by newly prescribed antibiotics for ADA versus ETN users, stratified by concomitant MTX 
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concomitant MTX and anti-TnF discontinuation risk in rA dose. The crude and adjusted HRs with 95% CIs of drug discontinuation followed by newly prescribed antibiotics for ADA compared with ETN for those on concomitant MTX 0-10 mg/wk within 1 year follow-up were 1.06 (0.86-1.33) and 1.00 (0.80-1.25), and for those on concomitant MTX .10 mg/wk were 2.12 (1.53-2.94) and 2.11 (1.51-2.93), respectively. After 1 year, the crude and adjusted HRs with 95% CIs of drug discontinuation followed by newly prescribed antibiotics for ADA compared with ETN for those on concomitant MTX 0-10 mg/wk were 1.14 (0.89-1.46) and 1.00 (0.78-1.28) and for those on concomitant MTX .10 mg/wk were 1.56 (0.97-2.53) and 1.33 (0.80-2.23), respectively. The results showed that ADA, compared with ETN, users on concomitant MTX of over 10 mg/wk were at significantly higher risk of discontinuing from anti-TNF treatment during all treatment periods and within 1 year of follow-up (P for modifications ,0.05). Table S2 shows the adjusted HRs with 95% CI for drug discontinuation followed by antibiotics prescription in ADA versus ETN users on concomitant MTX .10 mg/wk, stratified by other covariates with the significance of their modification effects. During all treatment periods and after 1 year, prior corticosteroid dose was a significant effect modifier. Concomitant medications other than MTX were not significant effect modifiers.
As shown in Table 6 , other risk factors included a higher dose of concomitant corticosteroid use, and prior use of leflunomide, SSZ, HCQ, and NSAID. Protective factors included higher concomitant MTX dose, and concomitant use of leflunomide, SSZ, HCQ, and NSAID. However, concomitant MTX over 10 mg/wk had protective effects on drug discontinuation in ETN users but not in ADA users (P for interaction ,0.05).
Discussion
To our knowledge, this study is not only the first to compare drug survival between ADA and ETN in anti-TNF-naïve RA patients in Taiwan, but also the first to explore a possible modification effect of concomitant MTX dose in anti-TNFnaïve RA patients using administrative data. This study showed that ADA users had a higher risk of drug discontinuation than ETN users only when the concomitant MTX dose was more than 10 mg/wk. The results were different from the findings of previous studies that showed better drug survival in ETN users regardless of concomitant MTX dose. 13, 14, [16] [17] [18] [19] There are two possible explanations for this finding. First, ADA had lower sustained effectiveness due to a higher risk of antidrug antibody production compared with ETN. 34 If this is the primary cause, the difference in discontinuation risk between ADA and ETN should be greater after the first year of follow-up and when concomitant MTX dose was lower (given that a higher dose of MTX was associated with lower risk of anti-ADA antibody production). 31 However, this Table 6 The adjusted hazard ratios with 95% confidence intervals of drug discontinuation associated with variables in ETN and ADA users during all treatment periods study did not show such associations. The second possible explanation is that compared with ETN, ADA use had a higher risk of adverse effect when the concomitant MTX dose was more than 10 mg/wk. Recently, the randomized CONCERTO trial showed that in biologic and MTX-naïve RA patients initiating ADA and MTX combination treatment, the efficacy of 10 and 20 mg/wk MTX appeared similar. 35 In addition, the risk of adverse events was not increased with increasing MTX dose in combination with ADA, except infection and abnormal hair loss. 35 Some studies have shown that ADA had a higher risk of infections, especially TB infection, than ETN. [20] [21] [22] In this study, although the risk of TB was higher in ADA users compared with ETN users, the incidence rate ratio (IRR) was not higher in patients on MTX .10 mg/wk (IRR =3.9) compared with those on MTX 0-10 mg/wk (IRR =4.8). In our study, when using the time to drug discontinuation followed by antibiotics prescription as the outcome, the magnitude of HR in ADA users compared with ETN users was increased. Therefore, we may infer that infections other than TB may more likely be the cause of the different discontinuation risk between ADA and ETN in patients on MTX more than 10 mg/wk. This study also found that concomitant usage of MTX .10 mg/wk had protective effects on drug discontinuation in ETN users but not in ADA users. Concomitant MTX use has synergic effects in RA patients treated with anti-TNF agents, but the CONCERTO trial found that the efficacy of 10 and 20 mg/wk MTX appeared similar. 35 Our data supported the authors' suggestion of using no more than 10 mg/wk MTX in RA patients treated with ADA. 35 The results of this observational study are not without limitations. First, although ETN and ADA users can be directly compared, the study was not randomized, and the data cannot be easily compared with other registries due to the different methods of collection and analysis. Therefore, there is a potential for selection bias between the treatment groups. 15, 17, 36 However, we adjusted potential confounding factors, including age, sex, comorbidities, prior medications as a proxy of RA disease activity, and concomitant medications. Furthermore, the identification of risk factors of drug discontinuation for TNF antagonists using realworld data enables the future treatment strategies of RA patients to be optimized. Second, the administrative data lacked some variables of scientific importance, including disease activity, individual smoking status, and laboratory data such as rheumatoid factor, anticitrullinated peptide antibody, human leukocyte antigen, antidrug antibody, and anti-TNF drug levels, limiting further evaluation of the role of disease activity and genetic and environmental factors on the associations, and the role of immunogenicity on the differential effect of anti-TNF category between different concomitant MTX doses. Third, we were unable to extrapolate the results to the population not included in the NHIRD. Further studies are needed to determine the extent of similarity with other ethnic populations. Fourth, because the administrative data lacked the information about exact cause of drug discontinuation, the causal inference of noninfectionrelated drug discontinuation risk may be biased.
In conclusion, this population-based cohort study indicates that among anti-TNF-naïve RA patients, compared with ETN users, ADA users had a significantly higher risk of drug discontinuation if the concomitant MTX dose was more than 10 mg/wk. The potential reason of this finding is that using higher dose of concomitant MTX, which is also an immunosuppressant, may increase the RR of infections other than TB in ADA users compared with ETN users, thus leading to a significantly different discontinuation risk. However, the lack of exact cause of anti-TNF discontinuation limited causal inference of such concomitant MTX doserelated modification effect. Further prospective, controlled studies are warranted to prove this hypothesis. Table S2 The adjusted hrs with 95% cis of drug discontinuation followed by antibiotics prescription for adalimumab compared with etanercept on concomitant MTX .10 mg/wk during all treatment periods, #1 year or .1 year, stratified by other covariates with the significance of their modification effects Notes: cox proportional hazard regression analyses were conducted to calculate adjusted hrs after adjusting for sex, age at anti-TnF initiation (#65 years, .65 years), disease duration (#3 years, .3 years), cci (#1, .2) within 1 year before anti-TnF use, use of leF, ssZ, nsAiD, MTX (0-10 mg/wk, .10 mg/wk), and corticosteroid (Pd equivalent #5 mg/d, .5 mg/d) within 1 year before and after anti-TnF use. a 95% CI was very large and covered one (ie, nonsignificant). b All patients used nsAiD before anti-TnF initiation. Abbreviations: HRs, hazard ratios; CI, confidence intervals; MTX, methotrexate; TNF, tumor necrosis factor; CCl, Charlson comorbidity index; SSZ, salazopyrin; LEF, leflunomide; HCQ, hydroxychloroquine; NSAID, nonsteroid anti-inflammatory drug; Pd, prednisolone.
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